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ABSTRACT: 

PURPOSE: The titled yam useful as a rope, etc., having 
\ improved processing . 

} properties, frictional resistance, and wear resistance, 

having a flatness ratio it , nB _ „ rpat 

of cross section of yarn of ≥ specific value, a great 

number of long * t-ho 

channels arranged in the fiber axis direction on the 

surface, containing liquid 

paraffin having specific characteristics. 

CONSTITUTION: Liquid paraffin is added to a solution 
obtained by dissolving 
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ultra-high-nolecular-weight polyethylene in decalin, etc., 
^biected 10 tS solution spinning, and the prepared gel fiber 
iH.^ieSM^'h.vin, t ge;1.7 flatness ratio of cross 

section of yarn, a r-rannrd in the fiber axis 

great number of long channels arranged in 

direction, a liquid 

paraffin content (LP) in the yarn of 

^'SS^SVa^VM- modulus of 
elasticity . 
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NB. multi -striate might be not the correct word (translator) . 

Public disclosure 60-151311, August 9, 1985 
Patent application 59-5394, January 13, 1984 
Applicant Toyobo Co., Ltd. 

Specification . 

1. Title of the invention. 

A polyethylene fiber that contains liquid paraffin. 

2. What is claimed. 

1. A polyethylene fiber that contains liquid paraffin, with the 
characteristic that the rate of flattening of the cross section of the fiber is 
1.7 or more, that the fiber surface has innumerbale longitudinal mul ti-striate 
grooves that have been arranged in the fiber's axial direction, and that it has 
the below mentioned characteristics. 

The liquid paraffin content (LP) in the fiber is 

0.05 < LP < 1.00 (wt%) , 
the tensile strength is 30 (g/d) or more, and 
the initial elasticity modulus is 800 (g/d) or more. 

2 . The polyethylene fiber that contains liquid paraffin that has been 
described in claim 1, wherein the rate of flattening of the cross section of the 
fiber is 2 or more. 

3. The polyethylene fiber that contains liquid paraffin that has been 
described in claim 1, wherein the rate of flattening of the cross section of the 
fiber is 3 or more. 

4. The polyethylene fiber that contains liquid paraffin that has been 
described in each of the claims 1-3, wherein the longitudinal mul ti-striate 
grooves actually all tunnel through along the entire domain of the length in 
axial direction of the fiber. 

5. The polyethylene fiber that contains liquid paraffin that has been 
described in each of the claims 1-4, wherein the longitudinal mul ti-striate 
grooves are arranged with 5-50 grooves per average distance of 10 p. in the 
direction of the outer circumference of the cross section of the fiber. 

6. The polyethylene fiber that contains liquid paraffin that has been 
described in each of the claims 1-5, wherein the tensile strength is 35 (g/d) or 
more . 

7. The polyethylene fiber that contains liquid paraffin that has been 
described in each of the claims 1-6, wherein the initial elasticity modulus is 
1000 (g/d) or more. 

3. Detailed description of the invention. 

This invention pertains to a polyethylene fiber that contains liquid paraffin 
with excellent processabili ty , and particularly excellent resistance against 
friction abrasion. 

As a multipurpose macromolecule , polyethylene fibers are cheap, but because 
they have weak points such as not being dyable, having a low melting point and 
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being non moisture absorbing, their use for clothing is more difficult than that 
of other synthetic fibers such as for instance polyester, nylon, and acrylic 
fibers, and they are mainly used for other applications than the application in 
clothing, such as for instance general ropes and fishing nets. In these fields 
of application, particularly the damand as fibers for fisheries resources is 
large, because polyethylene fibers have a density that is lower than 1. When 
compared with other synthetic fibers and particularly with polyester and nylon 
etc., the strength of high density polyethylene rope that can be obtained, for 
instance in the case of ropes that are the final product, is only in the order 
of 70% of a polyester rope and of 50% of a nylon rope with the same diameter as 
that of the said polyethylene rope, and use in fields wherein strength is 
necessary, had limitations. In this way, the field of use of polyethylene fibers 
hitherto had limitations, and also the demand was limited. In the case of use of 
polyethylene fibers for clothing, on the other hand, it has been considered to 
improve the functions and performances that are unsuited for clothing or to use 
them as composites by combination with other fibers, making the most of the 
characteristics of polyethylene fibers. Based on this way of thinking, coming to 
make the most of the characteristics of polyethylene fibers, that they have a 
lower density than other synthetic fibers and in addition have a relatively high 
strength, is an advantage for use of polyethylene fibers for clothing. 

The present inventors carried out serious research in order to solve the 
existing weak points of polyethylene fibers and to give functionality, making 
the most of the advantages of the said fibers, with the result that finally they 
achieved this invention. 

That is to say that this invention is a polyethylene fiber that contains 
liquid paraffin with the characteristic that the rate of flattening of the cross 
section of the fiber is 1.7 or more, that the fiber surface has innumerable 
longitudinal mul ti-s triate grooves that have been arranged in the fiber's axial 
direction, and that it has the below mentioned characteristics. 

The liquid paraffin content (LP) in the fiber is 
0 .05 < LP < 1 .00 (wt%) , 

the tensile strength is 30 (g/d) or more, and 

the initial elasticity modulus is 800 (g/d) or more. 

In the polyethylene fiber of this invention, processabili ty from the 
viewpoint of use for clothing has been remarkably improved as compared with the 
existing well known polyethylene fiber, and in addition, it shows an extremely 
high tensile strenght and initial elasticity modulus, and an excellent 
resistance against friction abrasion, and of course, it demonstrates an 
excellent result in the strength and initial elasticiy modulus also as an 
industrial material. The reason that the processabili ty of the polyethylene 
fiber of this invention from the viewpoint of use for clothing is remarkable 
excellent, is not yet positively clear, but it is guessed that the inherent 
flattening of the fiber cross section and the innumerable longitudinal multi- 
striate grooves that are present in the fiber's surface and that have been 
arranged in the fiber's axial direction, and in addition the liquid paraffin in 
the polyethylene fiber of this invention, greatly contribute hereto. 

Figure 1 is a 1500 x magnified photograph by a scanning electron microscope 
that shows the side surface and cross section of a polyethylene fiber with a 
flattening rate of the cross section of the fiber that has been obtained by the 
first situation of this invention, of ca. 5.6. In the said photograph, the 
flattening rate of the characteristic cross section of the fiber of this 
invention, and the innumerable mul ti-striate grooves that have been arranged in 
the fiber's axial direction that are present in the fiber's surface, are very 
clear . 

The polyethylene fiber of this invention has, as is shown in figure 1, a 
flat cross section, and the flattening rate is 1.7 or more, and preferably 2 or 
more, and more preferably 3 or more. The larger the flattening rate, the better 
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the property of bundling between the polyethylene fibers, and particularly the 
better the packing properties between the fibers in the case that a twist is 
given. The effect thereof is particularly demonstrated when a composite is made 
with other fibers. When the flattening rate is less than 1.7, this effect is 
small, and there is no wide difference from fibers with a round cross section of 



the fiber's cross section. 

For the flattening rate (Ud) that is defined in this invention, the length of 
the long axis (a mm) and the length of the short axis (b mm) in the cross 
section that is perpendicular to the fiber's axis, are determined, and the 
flattening rate (Ud-super streep) is the value that is shown by a/b. 

Another characteristic feature in this invention is that, as is shown in 
figure 1, the surface of the fiber has innumerable mul ti-striate grooves that 
have been arranged in axial direction of the fiber. Polyethylene fibers have the 
unique wax- like impression of synthetic fibers, and in the case of a flat 
surface, it gives a disagreeable impression. By the fact that the surface has 
got multi-striate grooves in the flat polyethylene fiber, this wax-like 
impression is reduced, and escape of moisture is improved. The result of this 
improvement of moisture escape demonstrates the role of transport of moisture in 
the case that it has been combined with other fibers. Moreover, when multi- 
striate grooves are given to the polyethylene fiber, the friction coefficient of 
the fiber surface declines, and friction resistance with metal of guides etc. 
declines, and abrasion of the fiber by friction is reduced. Moreover, in the 
case that it has been combined with other fibers, the entanglement with the 
other fibers is improved, and the bundles of polyethylene fibers in the combined 
fibers show a a flexible behaviour. 

By the fact that the said multi-striate grooves are arranged with 2 or more 
and preferably 5-50 per average distance of 10 \i in the direction of the outer 
circumference of the cross section of the fiber, the above mentioned effect, 
viz., the effect of reduction of the wax-like state and of improvement of the 
escape of moisture, and the effect of reduction of the friction coefficient of 
the fiber surface etc., are remarkably improved. In the case that here the 
multi-striate grooves are less than 2 per average distance of 10 \i in the 
direction of the outer circumference of the cross section of the fiber, the 
effect of reduction of the wax-like state and of improvement of the escape of 
moisture, and the effect of reduction of the friction coefficient of the fiber 
surface are not obtained. 

Another characteristic feature of the polyethylene fiber of this invention is 
that it contains liquid paraffin. The polyethylene fiber of this invention 
shows, in addition to the effect that depends on the fact that it has multi- 
striate grooves in the surface, a synergistic effect by the effect that depends 
on the fact that it contains liquid paraffin in the fiber, and the travelling 
tension of the yarn at the time of processing of the fiber is reduced and the 
damage of the yarn is reduced, and it is possible to obtain a stable 
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productivity. Moreover, also the product that is obtained with the use of the 
polyethylene fiber alone, shows a good resistance against friction abrasion. 

A characteristic feature of the polyethylene fiber of this invention is that 
it contains liquid paraffin across the whole domain of the cross section of the 
fiber. Hitherto, a method of improvement of resistance against friction abrasion 
by the fact that liquid paraffin is given only to the surface of the fiber in 
the after-processing etc., is known, but in this case, the effect wears away in 
the course of time, and durability is not good. On the other hand, the fiber of 
this invention has an extremely excellent durability of the resistance against 
friction abrasion. 

The content of liquid paraffin that is contained in the polyethylene fiber of 
this invention preferably is 0.05 wt% or more, but 1.0 wt% or less. A content of 
liquid paraffin that is less than 0.05 wt%, is not preferred because then the 
excellent effect of resistance against friction abrasion of the liquid paraffin 
is no longer observed. Moreover, a content of liquid paraffin that exceeds 1.0 
wt%, is not preferred because in that case the fiber surface gets a slimy 
impression because the content of liquid paraffin is high, and at the time of 
fiber processing, liquid paraffin is accumulated in the running guide of the 
yarn, and the operationabili ty deteriorates. 

The content of liquid paraffin in this invention is obtained in the following 
way . 

A prescribed quantity of polyethylene fiber is taken, and the liquid paraffin 
that is contained in the fiber surface and the inner surface is extracted with a 
solvent that dissolves liquid paraffin, such as petroleum ether, xylene and 
toluene, and the reduction of weight vs. the initial weight of the polyethylene 
fiber (weight before extraction with the solvent) is determined, and hereform, 
it is calculated. Moreover, the verification of the liquid paraffin is assessed 
by the infrared absorption spectrum. 

The tensile strength of the polyethylene fiber of this invention has to be 30 
(g/d) or more, and preferably 35 (g/d) or more, and when here the tensile 
strength is less than 30 (g/d), fine fibers and the effect of slimming(?) of the 
yarn by a high tension in the case that it has been combined for clothing are 
not obtained, and in the case that it is used for instance for ropes for 
industrial material, fine and tough ropes cannot be obtained. 

The initial elasticity modulus of the polyethtlene fiber of this invention 
has to be 800 (g/d) or more, and preferably 1000 (g/d) or more, and when here 
the initial elasticity modulus is less than 800 (g/d), the entanglement (? ) of 
the fibers is weak by the synergistic effect with the flattening of the cross 
section of the fiber, and in the case of combination with other fibers, a good 
appearance (? ) is not obtained. 

The fiber of this invention is obtained by the novel method of stretching to 
a high degree, that comprises that in solvent spinning with the use of for 
instance polyethylene with a high molecular weight (for instance polyethylene 
with an ultrahigh molecular weight with a weight average molecular weight of 
1x10 s or more, and preferably lxlO 6 or more) , a volatile solvent is used as the 
solvent, that after adjustment of the spinning solvent by addition of a proper 
quantity of liquid paraffin so that the liquid paraffin content in the fiber 
after stretching in this solvent is 0.05 wt% or more to 1.0 wt% or less, solvent 
spinning is carried out, and that multi-step stretching is carried out while the 
gel fiber that has been produced by the by said solvent spinning is passed 
through a stretching zone wherein the temperature of the entrance of the 
stretching zone is set higher than the point of liquefaction of the supplied 
fiber, and lower than the melting point of the said supplied fiber, and the 
temperature of the exit of the stretching zone is set higher than the melting 
point of the said supplied fiber, and lower than the . . . point of the fiber 
after stretching. 
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The polyethylene fiber of this invention demonstrates its effect by the fact 
that it is combined with other fibers that have characteristics that compensate 
for the weak points of the polyethylene fiber, and even in the case of only the 
polyethylene fiber, it has novel characteristics that hitherto did not exist. It 
is for instance combined with cotton that has dyability, moisture absorption and 
water absorption, and used as the core yarn. In this case, filaments of 
polyester fiber are arranged in the wick moiety of the core yarn, and cotton is 
arranged in the sheath moiety. 

The core yarn can produce of fine yarn that hitherto did not exist, without 
loosing the appearance (? ) of cotton. The polyethylene fiber in the wick moiety 
firmly holds the cotton, and by the flat state of the cross section of the 
polyethylene fiber and the multi - striate grooves of the surface, it reinforces 
the effects of moisture absorption and water absorption of cotton. 

Moreover, in the case that only the polyethylene fiber of this invention is 
used and it is used in a rope for industrial materials, the fibers inside the 
rope are more elaborate than in ropes that are obtained from the existing fibers 
with a circular cross section, and because in addition, their strength is high, 
it is possible to obtain a fine, light weight, strong rope, and also with 
respect to the hand- touch of the rope, it is one that shows a hitherto unseen 
unique touch impression, and because . . . the resistance of the rope against 
friction abrasion is excellent, the effect that the ropes durability is 
extremely long, is obtained. 

In this way, the polyethylene fiber of this invention made it possible to 
adapt polyethylene fibers that hitherto were not suited for the field of 
clothing, for clothing. Moreover, even in the case of use of only polyethylene 
fibers, it is possible to obtain ones with an excellent resistance against 
friction abrasion, with a fineness, light weight and strength that hitherto were 
not found, and with a unique touch impression, and a wide range of use as 
industrial materials is wanted . 

The methods of determination of the properties that were used for the 
evaluation of this invention are shown below. 

<Method of determination of the characteristics of strong stretching of the 
f iber> 

Tensilon, product of Toyo Holding Co., was used, and under the conditions of 
a length of the testmaterial (gauge length) of 30 mm, and a speed of stretching 
(elongation) of 100%/minute, the S-S curve of a single fiber was determined, and 
the tensile strength (g/d) and initial elasticity modulus (g/d) were calculated. 
The initial elasticity modulus was calculated from the maximum gradient in the 
vicinity of the point of origin of the S-S curve. The values of the respective 
characteristics are the average values that have been obtained by determinations 
in 20 single fibers. 

<Method of determination of friction abrasion> 

In the method of determination of friction abrasion, the single filament test 
material 2 is wound on chromium plated rod 1 with a diameter of 10 mm /<j>, as is 
shown in figure 2, and one side of the single filament testmaterial is fixed, 
and to the other end, weight 3 of 5 g/d is suspended. The chromium plated rod 
performs an upward /downward reciprocating movement (stroke length 35 mm) . The 
friction abrasion is expressed with the number of cycles of reciprocation from 
the start of the reciprocating movement until the single filament test material 
breaks . 

Below, details of this invention are described by examples of execution, but 
this invention is of course not limited to these examples of execution. 
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o 



o 



Polyethylene fibers with the characteristics of the thread for weaving that 
are shown in experiments 1 and 2 of table 1 were obtained by addition of liquid 
paraffin to a 3 wt% decalin solution of polyethylene with an ultrahigh molecular 
weight, with a weight average molecular weight of lxlO 6 , solution spinning with 
the use of this solution, and stretching of the obtained gel fiber under the 
conditions that are shown in experiments no. 1 and 2 of table 1. The obtained 
fibers were respectively set at 10 d/10 f . The quantity of liquid paraffin that 
was contained in the polyethylene fibers was 0.5 wt% . 

A core yarn was produced with these polyethylene fibers respectively as the 
wick moiety, and arrangement of cotton of 1 . 9 d in the sheath moiety. The count 
(English system) of the core yarn was set at count 100. With the obtained core 
yarn as India(?) (Tenj iku { ? ) ) knit, sports ware was produced. The results of 
tests of the strength of the weaving yarn, processabili ty of the core yarn and 
appearance (? ) wearing are shown in experiments 1 and 2 of table 1. As is clear 
from table 1, experiments 1 and 2 of this invention had an extremely good core 
yarn processabili ty and knit wearability. 

Example for comparison 1 . 

1-5 wt% decalin solutions of polyethylene with an ultrahigh molecular weight, 
with the same weight average molecular weight as the one that was used in 
example of execution 1, were prepared, liquid paraffin was added and solvent 
spinning was carried out. Under the conditions that are shown in experiments 3-6 
of table 1, the obtained gel fibers were respectively stretched, and 
polyethylene fibers with the characteristics of the weaving thread that are 
shown in experiments 3-6 of table 1 were obtained. The obtained fibers were 
respectively set at 10 d/10 f . The quantity of liquid paraffin that was 
contained in the polyethylene fibers was 0.5 wt% . A core yarn was produced with 
these polyethylene fibers respectively as the wick moiety, and arrangement of 
cotton of 1.9 d in the sheath moiety, in the same way as in example of execution 
1. The count (English system) of the core yarn was set at count 100. With the 
obtained core yarn as India(?) (Tenj iku (?) ) knit, sports ware was produced. The 
results of tests of the strength of the weaving yarn, processabili ty of the core 
yarn and appearance (? ) wearing are shown in experiments 3-6 of table 1. 

Because experiments 3 and 4 respectively have a tensile strength and initial 
elasticity modulus outside the range of this invention, processability in the 
case that it is used as the core yarn, is poor, and in the case of conversion to 
a knit, the evaluation of wearability of experiment 4 was not good. Experiment 5 
is an example wherein the surface of the fiber does not have multi-striate 
grooves, and in the evaluation of knit wearability, it was not good, and because 
particularly the result of escape of moisture during wearing is poor, 
perspiration that has been produced was collected in the cloth and it gave an 
unpleasant impression. Experiment 6 is an example wherein the flattening rate is 
less than 1.7, and in the case of processing to a core yarn, the combinability 
with single cotton yarn is low, and in the case of wearing in sports ware, 
occurrence of fuzz was conspicuous. Moreover, also the fit and feel were not 
good . 
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stretching temperature (° C) 
(second stretching zone) 
entrance 
exit 

stretching temperature (° C) 
{third stretching zone) 
entrance 
exi t 

total stretching rate 

weaving yarn characteristics 
flattening rate of yarn's 

cross section 
tensile strength (g/d) 
initial elasticity modulus 
(g/d) 

stretching rate (%) 
presence/absence of 

multi -striate grooves 

processabili ty of core yarn * 

knit wearability 
appearance ( ? ) 

presence/ absence 
of . . . 
skin touch 
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* The evaluation of the processabili ty of the core yarn is as follows: 

oo very good 

o good 

A bad 

x very bad 



Example of execution 2 . 

Polyethylene fibers with the characteristics of the thread for weaving that 
are shown in table 2 were obtained by addition of various quantities of liquid 
paraffin to a 3 wt% decalin solution of polyethylene with an ultrahigh molecular 
weight, with a weight average molecular weight of lxlO 6 , solution spinning with 
the use of the thus obtained solutions, and stretching of the obtained gel 
fibers under the conditions that are shown in experiment no. 2 of example of 
execution 1. The obtained fibers were respectively set at 10 d/10 f. The 
quantity of liquid paraffin that was contained in these polyethylene fibers was 
calculated by extraction with xylene at room temperature. Moreover, verification 
of the liquid paraffin was assessed by the infrared absorption spectrum of the 
extract . 

For polyethylene fibers with different contents of liquid paraffin, the 
evaluation of friction abrasion with a metal is shown in table 2. Because in 
experiment 8 the content of liquid paraffin is small, an effect thereof is not 
observed, as is clear from table 2. 

Experiments 9-11 show a remarkable improvement of friction abrasion as 
compared with experiment 1, the case wherein absolutely no liquid paraffin is 
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Example of execution 3 . 

Polyethylene fibers with the characteristics of the thread for weaving that 
are shown in table 3 were obtained by solution spinning with the use of 
polyethylene with an ultrahigh molecular weight, with a weight average molecular 
weight of 2xl0 6 , and stretching of the obtained gel fiber under the conditions 
that are shown in this table. With the use of the obtained fibers, 8 ... 
(casting (?), braided(?), whipped (?) ) ropes were produced, following JIS L-2705. 
The properties of the obtained rope are shown in table 3 . 

As is clear from table 3, it is assessed that a rope with an extremely high 
strength is obtained in the case that the fiber of this invention has been 
turned into a rope . 

Example for comparison 2. 

With the use of a commercial polyethylene weaving thread that has the weaving 
thread properties that are shown in the column of example for comparison 2 of 
table 3, 8 ... (casting(?) , braided(?), whipped(?)) ropes were produced, 
following JIS L-2705, in the same way as in example of execution 3. The 
properties of the obtained rope are shown in table 3 . 

As is clear from table 3, the rope of this example was one with a lower 
strength than the rope of example of execution 3 . 
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stretching conditions 

stretching temperature (° C) 
(first stretching zone) 
entrance 
exit 

stretching temperature (° C) 
(second stretching zone) 
entrance 
exit 

stretching temperature (° C) 
(third stretching zone) 
entrance 
exit 
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weaving yarn characteristics 
flattening rate of yarn' s 

cross section 5.6 1.0 

tensile strength (g/d) 35 7.2 

initial elasticity modulus 

(g/d) 1000 70.0 

stretching rate (%) 5 15 

presence/absence of 

multi-s triate grooves yes no 

knotting strength (g/d) 14.0 4.2 

rope properties 

rope diameter (mm) 12 12 

weight per 200 m (kg) 16.2 14.5 

breaking force (t) 6.0 1.4 

* Determination of properties of the rope according to JIS L-2705 . 

4 . Brief description of the figures . 

Figure 1 is the fiber of this invention, and it is a photograph by a scanning 
type of electron microscope with a 1500 x magnification, that shows a side 
surface and a cross section of the polyethylene fiber with a flattening rate of 
the cross section of the fiber of ca. 5.6. 

Figure 2 is a scheme that shows the method of determination of friction 
abrasion that is used in the evaluation of this invention. 

1 ... chromium plated rod 

2 ... testmaterial, single filament 

3 ... load 
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